to a computer graphics workstation that computes visual images on the display screen consistent with the direction in which the user is looking within the virtual environment. It is a revolutionary technology that integrates real-time computer graphics, body tracking devices, visual displays, and other sensory input devices to immerse a participant in a computer-generated virtual environment (VE) (Kalawsky, 1993) . The user is presented with a computer-generated view of a virtual world that changes in a natural way with head and body motion. For some environments, users may also hold a second position sensor in their hand that allows them to manipulate a virtual hand to interact with the environment to, for example, push an elevator button and ascend.
VE applications require an assortment of devices designed to bridge the gap between the user's movements and perception and the computer's stored model of the VE. Current techniques include the use of special gloves that track hand and finger positions so that the user can grasp virtual objects, six-degrees-of-freedom mouse and navigation devices, haptic (force and tactile) feedback devices, and locomotive devices such as treadmills, bicycles, or flying chairs that allow users to move about in the environments. Each individual VR application may requires a different configuration of input devices, display devices, rendering options, and machine configurations.
Many of the current issues in the creation and application of VEs were first articulated in two seminal presentations in the 1960s by Ivan Sutherland. In "The Ultimate Display" (Sutherland, 1965) , he anticipated developments such as data visualization, body tracking, and VEs that mimic real-world places and experiences. Three years later, Sutherland (1968) described a head-mounted display (HMD) whose capabilities were surprisingly similar to today's commercially available HMDs, including stereo input, head-tracking, and an augmented reality mode that allowed the user to "see both the images from the cathode ray tubes and objects in the room simultaneously" (p. 507).
The current popular interest and academic research in VR was fueled by several events in the mid-1980s, including the founding of VPL, the first company to sell commercial trackers and HMDs for VR, the Super Cockpit project at Wright-Patterson Air Force Base, and the Virtual Interactive Environment Workstation Project at NASA-Ames Research Center (Foley, 1987; Kalawsky, 1993) . Added to the availability of display technology has been the extraordinary expansion of computing power coupled with plunging hardware costs. For example, in 1975 an IBM mainframe computer could execute 10,000,000 instructions per second and cost $10,000,000. In 1994, Pentium-based PCs can execute 66,000,000 instructions per second and cost approximately $3,000.
Current developing applications of VR include architectural walkthroughs (Brooks, 1986) , molecular modeling (Bergman, Richardson, Richardson, & Brooks, 1993) , and medical visualization (Bajura, Fuchs, & Ohbuchi, 1992) . The medical and psychiatric applications of VR are still being explored. Although the past 2 years have seen increasing interest in these kinds of applications of VR, there have been very few controlled studies to document their effectiveness. A news report of the existence of a study of the use of VR for acrophobia, conducted at Kaiser-Permanente, has been reported in CyberEdge Journal (Lamson, 1994) , although analytic results were not presented. An uncontrolled report from Japan described the use of VR to simulate the sand play projective technique with autistic children. No data were presented but the authors contended that the VR sand play was useful (Kijima & Hirose, 1993) . Preliminary work on the use of VR as a learning aid for autistic children by Strickland, Marcus, Hogan, Mesibov, and McAllister (1995) reported that two subjects were able to identify familiar objects and qualities of those objects and locate and move objects in a virtual environment. A case study was presented (Carlin, Hoffman, & Weghorst, 1996) in which VR with tactile augmentation was successful in the treatment of spider phobia.
Basic VR software must provide a structure for the model of a VE and the ability to modify and interact with the model. Typically, VR software must automatically render and display the model from a given point of view, perhaps determined by a tracking device on the user's head. The software may also allow for an application to define its own interaction, model components and maintenance, and navigation modalities. Other common features include:
Model storage and maintenance. Object models are usually maintained in a tree or graph structure. Each object in the tree is described with a location, orientation, and scale in relation to its parent's coordinate system, which in turn describes its own coordinate system. Objects may or may not have a graphical representation, limited behaviors, or responses to interactions.
Input. Virtual environment applications generally deal with two types of device inputs: continuous reports of the user's movements and discrete events such as button presses, glove gestures, key presses, and object selection. Software must handle both types of inputs.
Rendering options. Many different rendering options may also be required, from wire frame to fully textured mapped models, that can be specified at run time to match the capabilities of the rendering hardware being used. Audio and haptic output may also be supported.
Other. Software tools may also provide a framework for multiuser and distributed (over several computers) VE applications.
USING VR TO TREAT PHOBIAS
The broad concept for discussion is a VR system for providing exposure therapy to persons with various phobias and other psychological disorders. The system requires an integration of existing computer hardware and software, VR input/output devices, and VR software with virtual environments that have been designed to support a graded exposure approach to therapy. Different phobias such as fear of heights, fear of flying, fear of driving, or post-traumatic stress disorder (PTSD) require different virtual environments for support of therapy. Characteristics of each VE may vary depending on the goals of the therapy session, so each VE must be responsive to both the therapist and the patient.
THEORETICAL BASIS FOR VIRTUAL REALITY EXPOSURE
A sense of presence is essential to conducting exposure therapy. Emotional processing theory as applied to anxiety disorders (Foa & 510 BEHAVIOR MODIFICATION / October 1999 Kozak, 1986 Foa, Steketee, & Rothbaum, 1989) purports that fear memories can be construed as structures that contain information regarding stimuli, responses, and meaning. Therapy is aimed at facilitating emotional processing. For this to occur, it has been proposed that the fear structure must be activated and modified. Exposure therapy is historically effective at activating the fear structure via confrontation with the feared stimuli, which elicits the fearful responses. The processes of habituation and extinction, in which the feared stimuli cease to elicit anxiety, aid modification of the fear structure, making its meaning less threatening. Any method capable of activating the fear structure and modifying it would be predicted to improve symptoms of anxiety. Thus, virtual reality exposure (VRE) has been proposed as a new medium for exposure therapy.
IMPORTANCE OF SENSE OF PRESENCE
As discussed earlier, according to emotional processing theory, for VEs to be effective, they must activate the fear structure and elicit the fearful responses (Hodges et al., 1995) . Evoking a sense of presence in a virtual feared situation is therefore essential to conducting exposure therapy. In the VRE for acrophobia study described next, as an indication of the degree to which subjects felt as if they were present in a physical height situation, subjective units of discomfort (SUDs) ratings were taken approximately every 5 minutes during exposure. A SUD is a 0 to 100 anxiety measure in which 0 indicates no anxiety or discomfort and 100 indicates extreme anxiety. In exposure therapy using actual physical height situations, the pattern is for patients'anxiety to increase as they are exposed to more threatening situations, then for anxiety to decrease as they spend time in the situation. Occurrence of this same pattern for virtual height situations would present evidence that the patients were experiencing the same reactions and emotions as the experience of a similar physical-world height situation. The average SUDs in each session decreased steadily across sessions, indicating habituation. Although the absolute SUDs range varied for each subject, the pattern of decreasing SUDs over time and increasing SUDs with higher situations was clearly present (Hodges et al., 1995) . Most subjects appeared to become immersed in the virtual environRothbaum, Hodges / TREATING ANXIETY DISORDERS 511 ments. Very often, subjects held on to the railings, letting go as they became more comfortable, then grasping hold again as they progressed up the hierarchy. Some sample comments: In addition to SUDs ratings, the number and type of physical symptoms of anxiety that were described by subjects during exposure were recorded. Physical symptoms of anxiety described by the subjects while in virtual height situations included sweating, abdominal discomfort usually described as "butterflies," loss of balance or lightheadedness, heart palpitations, pacing, tremulous or shaking, feeling nervous or scared, weakness in the knees, tightness in the chest, and feeling tense. In addition to these classic anxiety symptoms, some subjects also reported feeling physical motion sensations such as impact in their knees when the elevator stopped going down. Four subjects also reported nausea and one subject actually vomited during her first virtual height experience. Nausea did not correlate to the height situations experienced as the other symptoms did and seemed to be related to simulator sickness rather than to the height situations experienced. Simulator sickness arises from discrepancies between what 512 BEHAVIOR MODIFICATION / October 1999 the body is perceiving visually and kinetically and feels similar to motion sickness (Hettinger & Riccio, 1992; Pausch, Crea, & Conway, 1992) . After the researchers became aware of this, subject sessions were reduced from 50 minutes to 30 to 40 minutes and subjects were encouraged to stop and rest at the first signs of nausea. With one exception (subject 005), every subject described experiencing from three to eight physical symptoms of anxiety (mean = 5.1, SD = 2.4). Subject 005 remarked several times that he had very poor eyesight. His poor eyesight, in conjunction with the limited resolution of the earlier head-mounted display, seemed to limit his experience of physical symptoms. A third measure of presence was the degree to which subjects' fear and anxiety were reduced by the therapy. This measure is discussed next and clearly indicated a sense of presence (Hodges et al., 1995) .
EXAMPLES OF VES AND APPLICATIONS FOR THERAPY ACROPHOBIA (FEAR OF HEIGHTS)
The authors conducted a case study using VRE to treat a subject with acrophobia. The subject was a 19-year-old undergraduate student with a fear of heights, particularly of elevators. Twice weekly, sessions were conducted for 3 weeks, for a total of five sessions. Outcome was assessed on measures of anxiety, avoidance, attitude, distress, and included a behavioral avoidance test. Virtual reality exposure was successful in reducing fears of heights on all measures (Rothbaum, Hodges, Kooper, et al., 1995b) . It is interesting to note that during the pretreatment behavioral avoidance test, the therapist and patient inadvertently boarded an express elevator to the 40th floor. The fact that this could not have happened in virtual reality exposure is a definite advantage.
The authors conducted the first known controlled study of VR in the treatment of a psychological disorder (Rothbaum, Hodges, Kooper, et al., 1995a) . The purpose of this study was to examine the efficacy of a treatment for acrophobia (fear of heights) using virtual Rothbaum, Hodges / TREATING ANXIETY DISORDERS 513 reality exposure in a methodologically controlled design. Students (n = 478) from Georgia Tech and Georgia State universities were screened for a fear of heights. Forty-six were identified as possible acrophobes; 41 were contacted by phone; 31 were offered entry into the study; 20 were entered; and 17 completed the study. Of those entered, 12 were male, 18 were Caucasian, and the average age was 20 (SD = 4.2).
Hardware for the creation of VEs for this study consisted of a head-mounted display (VR flight helmet) and an electromagnetic sensor that was used to track the head and right hand (ascension technology flock system) so that the user could interact with objects in the VE. Modeling was done using Wavefront software. The Simple Virtual Environment (SVE) software library, developed at Georgia Tech, was used to create VEs from the models representing a standard hierarchy of height situations. To create a greater sense of realism, virtual reality hardware and software was integrated with a 4´4 raised (6 inches) platform surrounded with railing. This aided exposure by giving the subject railings to hold and an edge to approach as well as kept the subject within tracking range of the sensor.
The pretreatment assessment (PRE) was conducted in a group format in separate sessions for the treatment and the wait-list groups. At that time, the study was explained, informed consent was obtained, and subjects completed all self-report scales. Immediately following the assessment, the first treatment session was conducted in which subjects were familiarized with the VR equipment. They were allowed to take turns wearing the helmet and were encouraged to interact in VR by looking around a virtual room and pressing a button to turn the lights on and off in the room. Treatment was delivered in weekly individual sessions. The posttreatment assessment (POST) consisted of the same battery of questionnaires administered at PRE and was conducted 8 weeks following PRE in a group format.
Following the initial group session, individual VR graded exposure was conducted in seven weekly 35-to 45-minute sessions by an advanced clinical psychology graduate student. Three subjects habituated completely prior to the eighth session and were terminated early. Height situations were presented in the order determined by each subject's self-rated hierarchy completed at PRE. All sessions were video recorded and were reviewed by a licensed psychologist in supervision. Subjects were encouraged to spend as much time in each situation as needed for their anxiety to decrease and were allowed to progress at their own pace. The therapist simultaneously viewed on a video monitor all the VEs in which subjects were interacting and therefore was able to comment appropriately. In all the VEs, photographic quality textures were fed into the computer to enhance visual realism. The VEs encountered were as follows.
Glass elevator. The glass elevator simulated the elevator at the Marriott Marquis convention hotel in downtown Atlanta, complete with balconies, artwork, and marble floor. The elevator is modeled as an open elevator (no walls or ceiling) located on the inside of a 49-story hotel. A guard rail is located about waist high to the occupant. The rail and elevator platform in the real world correspond in size and position to the rail and platform the occupant sees in the virtual world. Located on the virtual rail are icons to indicate that the occupant wants to go up, down, or stop. The rider is also provided with a tracker for their right hand. A virtual right hand follows the movements of the user's right hand so that it can be used to operate the controls of the elevator. The occupant has tactile feedback in that everything that appears within reach from the elevator (the rail and floor) can actually be felt or grasped, and the floor number appeared in the elevator, from 0 to 48.
Outdoor balcony.
The outdoor open balcony with railings had four heights: ground floor (0 meters), 2nd floor (6 meters high), 10th floor (30 meters), and 20th floor (60 meters). A street, buildings, and mountains appeared in the background. As with the elevator, a wooden platform with guard rails that correspond in position to the virtual rails on the balcony was used. The patient begins by standing on the lowest balcony and gradually moves up to higher balconies.
Foot bridges. The third model was a canyon with bridges of different heights spanning the canyon from one side to the other. A river runs through the bottom of the canyon. The bridges vary not only in height but also in apparent steadiness. The lowest two bridges (7 and Rothbaum, Hodges / TREATING ANXIETY DISORDERS 515 50 meters) appear safe and solid. The highest bridge (80 meters) is a rope bridge with widely spaced wooden slats as the flooring. Exposure began on a boat on a river at the bottom of a canyon. The bridges could be viewed by looking up at the walls of the canyon. The two lower bridges and boat could be viewed from the highest bridge (and vice versa) and helped add to the sensation of height.
No pretreatment differences between groups were detected on any measure or demographic variable. Anxiety, avoidance, distress, and all attitudes toward heights decreased significantly from PRE to POST for the VRE group but not for the Wait List Control Group (WAIT). Examination of the individual attitude ratings reveals that the means on all items were below 4.0 at POST for the VRE group, indicating positive attitudes on the semantic differential scale. In contrast, all attitudes were negative for the WAIT group. The average anxiety ratings decreased steadily across sessions, indicating habituation. It is important to note that 7 of the 10 virtual reality exposure treatment completers exposed themselves to height situations in real life during treatment although they were not specifically instructed to do. These exposures appeared to be meaningful, including riding 72 floors in a glass elevator mounted outside a hotel skyscraper and intentionally parking on the top floor of a parking deck close to the edge rather than in the center of the ground floor.
FEAR OF FLYING
The success of this acrophobia study established that VRE is an effective and potentially less expensive treatment modality for one type of simple phobia. The long-term research goal is to establish VRE as a time-and cost-effective manner to conduct exposure therapy for the treatment of many disorders, especially anxiety disorders. The next step in this process was to successfully treat a disorder that is both more serious in its interference in the normal functioning of a patient's life and that is more expensive to treat in vivo. Based on these criteria, VRE for fear of flying was chosen as the next experimental study.
Fear of flying is an ideal candidate for many reasons. First, logistically it is relatively easy to track subjects' head and arm movements using current tracker technology because subjects in an airplane pas-516 BEHAVIOR MODIFICATION / October 1999 senger cabin naturally remain within a small area of space. Second, as was demonstrated in the VR fear of heights study, subjects experience a sense of presence and become anxious despite realistic absence of threat (i.e., they are not actually 50 meters high). Research has indicated that about one half of patients presenting with a fear of flying are specific phobics and one half agoraphobics. Specific phobics with a fear of flying have been shown to be fearful of crashing, whereas agoraphobics are fearful of having panic attacks (Howard, Murphy, & Clarke, 1983; McNally & Loura, 1992) . Both of these fears should be activated with VR and, consequently, anxiety should habituate with repeated exposure.
Third, fear of flying is a serious problem with growing financial repercussions. It has been estimated that 10% to 20% of the general population suffer from a fear of flying (Agras, Sylvester, & Oliveau, 1969) . This fear and avoidance has serious consequences including career repercussions, social embarrassment and restrictions, as well as stigmatization (Roberts, 1989) . In 1982, annual revenue loss for the U.S. air travel industry was estimated at $1.6 billion (Roberts, 1989) . VRE is potentially an efficient and cost-effective treatment of fear of flying. Treatment costs will be low compared to in vivo exposure using real airplanes, therapists can conduct treatment sessions in their office instead of accompanying their patients to an airport, and the potential for violation of patient confidentiality will be reduced.
Fear of flying has typically been treated with behavioral techniques including systematic desensitization, cognitive preparation and coping self-talk, stress inoculation training, flooding, implosion, relaxation, and in vivo exposure (Beckham, Vrana, May, Gustafson, & Smith, 1990; Girodo & Roehl, 1978; Howard et al., 1983; Reeves & Mealiea, 1975; Roberts, 1989) . Considering the prevalence and impact of fear of flying, it is surprising that more studies have not been conducted. However, as mentioned earlier, the difficulty and expense of using actual airplanes and flights for exposure have daunted many researchers and therapists. The use of VR assisted exposure to flying is analogous to the use of flight simulators to train pilots.
Design considerations for a virtual airplane for fear of flying therapy are significantly more complex than those used for acrophobia. The open elevator, series of bridges, and series of balconies are all purely visual, relatively static environments with little or no animation except that provided by the user's head motion. The virtual airplane requires additional animation, control, and sound effect capabilities.
The major stages in the development of a virtual airplane for therapy are: creation of a visual model of the passenger cabin of a commercial aircraft, creation of an environment for the aircraft to fly through, design of the control sequence software for the different stages of an airplane flight, and design of sound effects. To be convincing, the airplane model must be built to the proper general size and scale to match that of a real passenger cabin of a commercial aircraft. Details such as the fabric texture and color of the seats, proper location of seatbelt signs, aisle width, and window locations are important to providing an appropriate look and feel of being in a real aircraft. Therapy also requires the creation of a world for the aircraft to fly in that can be viewed through a window of the aircraft by the passenger. For the stages when the plane was parked, taxiing, taking off, or landing, a runway and airport model with various types of airport buildings and scenery are needed. As the aircraft gains in altitude and distance from the airport, the surface of the earth is represented by texture maps from aerial photographs. Clouds and other features in the sky must also be simulated.
There is a natural order to events that occurs in a real airplane flight. In general, passengers expect to sit at the terminal for a while, taxi to a specific spot on the runway, take off, be in flight for an extended time, and land. Some of these events, such as takeoff and landing, are relatively brief events. Other events, such as the actual flight between takeoff and landing, can vary in duration from a few minutes to several hours. Conditions can also vary. The different events can occur in good or bad weather. The passenger's view from the window can vary considerably with time, altitude, and weather conditions. Additional variables are introduced by the needs of the therapist and the patient when conducting therapy. An entire therapy session may consist of only taxiing about the runway without ever actually taking off. Several flights in good weather may be required before the patient is ready to fly in a thunderstorm. The VE must simulate the sequence of events of a real flight and also allow a degree of flexibility to quickly vary conditions and duration of events in response to the needs of the therapy ses-sion. For example, if a patient was comfortable taxiing on the runway, the therapist could request that the plane take off in the next few minutes; or if a patient was no longer nervous when flying in good weather, the therapist could request that the plane fly into a thunderstorm. In either case, therapists wish to move quickly to the next event but do so in a manner that does not disrupt the illusion of being on a real aircraft.
In the engines off state, the airplane is parked at the airport terminal without any sound effects. In the engines on state, the airplane is still parked at the terminal but the sound effect of the engines is playing (and will continue playing until the engines off state is entered). In the taxi state, the preflight sound effect is played and the airplane begins taxiing around the airport terminal. The nice takeoff state is a transitional state, in which the airplane moves from the taxi loop to the runway, plays the takeoff sound effect, and at the same time takes off, moving to the nice flight state. The bad takeoff state is similar to the nice takeoff state but includes the thunder sound effect, flight turbulence, and a darkened sky. It moves to the bad flight state, where the thunder sound effect, turbulence, and darkened sky continue until the nice flight, nice landing, or buzzing flight states are entered. In the nice flight state, the airplane circles around the airport in a calm manner. The bad flight state is similar but includes thunder, turbulence, and a darkened sky. The missed landing flight state makes close, low altitude passes over the airport with accompanying engine (takeoff) sounds. The nice landing state is a transitional state that moves from the nice flight state to the taxiing state by landing the airplane with accompanying prelanding and tire sound effects. The bad landing is similar transitional state that moves from the bad flight state to the taxiing state like the nice landing state but that also includes thunder, turbulence, and a darkened sky. Sounds were coordinated with visual effects. For example, when the storm sounds were used, the sky outside the plane turned dark and the plane visually shook. Sounds could also be played simultaneously. For example, the engine sounds during landing were played simultaneously with the sounds of the tires touching down on the runway. Although not required as part of the embodiment of the virtual airplane, low frequency sound or motion platforms may be used to simulate the physical motion of the aircraft.
The efficacy of VRE therapy was examined for the fear of flying in a case study (Rothbaum, Hodges, Watson, Kessler, & Opdyke, 1996) . VRE involved six sessions of exposure to flying in a virtual airplane as described above. The specific contribution of anxiety management techniques (AMT) and the VR exposure was examined in a single case design. The subject was a 42-year-old female with a debilitating fear and avoidance of flying. All self-report measures of the fear and avoidance of flying decreased following AMT and decreased still further following VR exposure. A planned posttreatment flight was completed with anxiety measures indicating comfortable flight. Obviously, the generalizations possible from a single case study are extremely limited but these preliminary results are encouraging. A controlled study, ideally comparing VRE to other established treatment modalities, is needed.
POST-TRAUMATIC STRESS DISORDER
Epidemiological studies demonstrate that post-traumatic stress disorder (PTSD) has become a serious problem in society. Traumatic experiences are extremely common considering the preponderance of individuals exposed to sexual or nonsexual assault, natural disasters (flooding), accidents (e.g., work and motor vehicle), and war. Estimates from a national random sample of adult women indicate that about 12 million adult women (12.9%) have been raped at least once during their lifetime and about 10 million (11.1%) have been a victim of aggravated assault (National Victim Center and Crime Victim Research and Treatment Center, 1992) . In a retrospective study, 35% of rape victims and 39% of aggravated assault victims reported lifetime PTSD; current PTSD was reported by 13% of the former and by 12% of the latter (Kilpatrick & Resnick, 1993) . A much higher rate of PTSD following assault emerged from prospective studies: 47% of sexual assault and 22% of nonsexual assault victims met criteria for PTSD 3 months postassault (Rothbaum, Foa, Riggs, Murdock, & Walsh, 1992) .
Other types of trauma also constitute a risk for PTSD. Vicarious traumatization such as that experienced by paramedics, law enforcement officers, firefighters, and mental health professionals also results 520 BEHAVIOR MODIFICATION / October 1999 in post-traumatic stress reactions (McFarlane, 1989; Mitchell & Btay, 1990) . PTSD affects 9% of the population (Breslau, Davis, Andreski, & Peterson, 1991) , and if one adds subthreshold cases, then the combined prevalence amounts to approximately 14% to 15% (Davidson, Hughes, Blazer, & George, 1991) . PTSD is one of the most disabling psychopathological conditions affecting the veteran population. Approximately 15.2% of the men and 8.5% of the women who fought in Vietnam were found to be suffering from PTSD 15 or more years after their service. An estimated 830,000 veterans currently have symptoms of chronic combat-related PTSD (Weiss et al., 1992) . Thus, the increasing attention now paid by the professional community to PTSD is consonant with the magnitude of this disorder as a worldwide problem and serves as a constant reminder that one of the top priorities is to develop effective treatments that are both efficient and enduring. In this, therapists face one of the biggest challenges within medicine.
In general, no therapeutic approach has proven to be consistently effective in the management of combat-related PTSD. Behavioral therapies with an exposure element have proven more effective than most other types of treatment, but a significant number of patients do not seem to benefit from them, possibly due to difficulties imagining, visualizing, or describing their traumatic experiences. Consequently, clinical researchers have been trying to develop an intervention that does not rely on the patient's own imagining skills but rather focuses on the traumatic experience and allowing him or her ultimate control over previously unpredictable and terrifying stimuli. The use of VR provides the patient with the experience of being immersed in a threedimensional simulation of the environment in which he or she was traumatized.
One of the most common complaints of Vietnam veterans with PTSD is that they have a strong emotional response to the sound of a helicopter going overhead. Even Vietnam veterans without PTSD report that one of the most terrifying experiences they had in the war was riding Huey helicopters into combat. It was in these aircraft that many veterans reported having their greatest anticipatory anxiety. Using VRE, patients could be exposed to their traumatic memories while immersed in Vietnam stimuli, including Huey helicopters. The experience could be either therapist-or patient-controlled. A typical therapy session may begin by hearing helicopter sounds at a distance, then growing closer, then seeing the shadow of a helicopter, then seeing and hearing the helicopter off in the distance, getting closer and finally landing. The patient would be encouraged to approach the landed aircraft, board the helicopter, take off, and fly over a Vietnam landscape. The patient would be encouraged to expose himself or herself to traumatic memories triggered by the VRs following guidelines for standard exposure therapy. Control issues for the creation and control of the virtual helicopter are similar to those of the virtual airplane described in the previous section. A study funded by the National Institute of Mental Health is currently underway to develop this VRE therapy for Vietnam veterans with PTSD.
The VR technology, currently being used in many areas other than health care, could greatly improve the efficacy of overall management strategies in this treatment-refractory group of patients. PTSD may indeed provide a most fertile trial area. It is important to develop alternatives to typical prolonged imaginal exposure treatment of the disorder, such that the PTSD sufferer would be presented with stimuli that would activate the feared memory without being dependent on his or her ability to imagine or remain engaged. Because these patients often have difficulty trusting others, this new modality would offer them a feeling of control over the stimuli. It would be important for them to be able to interact with the stimuli to keep them engaged.
VRE would be useful for PTSD resulting from other traumas as well. Motor vehicle accidents are very common and the emotional consequences can be heartbreaking. VEs for motor vehicle accident induced PTSD could center around a driving simulation. More control could be exerted than could be imagined in in vivo driving exposure. The patient could practice driving on quiet streets, on busy streets, on fast-moving interstates, in good and bad weather, in daylight, or at night. Coupled with props such as a steering wheel and seat similar to a car seat and audio effects, virtual driving would be very realistic.
These applications to PTSD and disorders other than fear of heights and flying have yet to be tested, but it is felt that VR technology has the potential of revolutionizing the treatment of PTSD and other anxiety disorders. The vividness of the VR experience may make it much more powerful than any other type of exposure therapy. VRE has the advantages of conducting time-consuming exposure therapy without leaving the therapist's office, with more control over exposure stimuli, and less exposure of the patient to possible harm or embarrassment. Thus, it may offer a time-and cost-effective manner to conduct exposure therapy, with implications for the treatment of many disorders, especially anxiety disorders. The patients can have much better control in the situation, they can turn it on and off instantly, or change levels of intensity of exposure instantly. After the software is written and the equipment purchased, a computer-generated airplane, for example, will be much less expensive, more convenient, and significantly safer than using a real airplane.
